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1
DISPLAY PANEL AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a National Phase Application filed under 35 U.S.C.
3’71 as a national stage of PCT/CN2017/095230, filed Jul.
31, 2017, an application claiming benefit of Chinese Patent
Application No. 201610967046.X, filed on Oct. 28, 2016,
the contents of which are incorporated herein 1n their
entirety by reference.

TECHNICAL FIELD

The present disclosure relates to the field of display
technology, and particularly relates to a display panel and a
display device.

BACKGROUND

In the field of display technology, a liquid crystal display
device 1includes a backlight and a display panel. The display
panel includes an array substrate and a color filter substrate
provided opposite to each other, a liquid crystal layer 1s
provided between the array substrate and the color filter
substrate, and the array substrate and the color filter sub-
strate each are provided with a polarizer on the back.
Grayscale display 1s achieved through detflection of liqud
crystals controlled by a voltage and control of the two
polarizers.

The use of a polarizer 1n a display panel of a liquid crystal
display device 1n the prior art may result 1n a low transmiut-
tance of the liquid crystal display device ({or example, a
transmittance of about 7%) and a large liquid crystal cell
thickness (for example, 3 um to 5 um), and a large cell
thickness may reduce a response speed of liquid crystals.
Generally, color resistors are provided on the color filter

substrate to realize color display, which may also cause the
display panel to be thick.

SUMMARY

The present disclosure provides a display panel including:
a {irst substrate and a second substrate disposed opposite to
cach other; a liquid crystal layer, a first electrode, and a
second electrode between the first substrate and the second
substrate; a waveguide layer between the first substrate and
the liquid crystal layer; and a plurality of grating units,
which are combined with the liquid crystal layer and dis-
posed 1n a same layer as the liquid crystal layer, wherein the
first electrode and the second electrode are configured to
adjust a refractive mdex of the liquid crystal layer by
changing voltages applied thereto; and a coupling efliciency
at which light 1s coupled out of the waveguide layer 1is
determined according to a difference between a refractive
index of the grating units and the refractive index of the
liquid crystal layer.

Optionally, the grating unit 1s an echelon grating, steps in
the echelon grating have diflerent heights from each other,
and the grating unit 1s configured to perform color separation
on light of different wavelengths through a stepped structure
of the echelon grating.

Optionally, the grating unit 1s on a side of the liquid
crystal layer proximal to the first substrate.

Optionally, the grating unit 1s on a side of the liquid
crystal layer proximal to the second substrate.
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Optionally, the first electrode and the second electrode are
on one side of the liquid crystal layer.

Optionally, the first electrode and the second electrode are
on different sides of the liquid crystal layer.

Optionally, the first electrode 1s on a side of the wave-
guide layer proximal to the first substrate; the grating unit 1s
on a side of the waveguide layer distal to the first electrode;
the liquid crystal layer 1s on a side of the grating unmit distal
to the waveguide layer; and the second electrode 1s on a side
of the second substrate proximal to the liquid crystal layer.

Optionally, a refractive index of the waveguide layer 1s
larger than a refractive index of the first electrode, and the
refractive index of the first electrode 1s larger than or equal
to the refractive index of the grating unait.

Optionally, the refractive index of the grating unit ranges
from an ordinary refractive index n_ of the liquid crystal
layer to an extraordinary refractive index n_ of the liqud
crystal layer.

Optionally, a number of the steps of the echelon grating,
ranges from 3 to 100; the echelon grating has a width of 0.1
um to 200 um; each step of the echelon grating has a height
of 0 um to 300 um; and the echelon grating has an 1imaging
distance of 2 um to 20 um.

Optionally, the number of the steps of the echelon grating,
1s 3, and the echelon grating 1s configured to disperse light
into red light, green light and red light.

Optionally, a material of the liquid crystal layer comprises
any one of a nematic liquid crystal, a cholesteric liquid
crystal and a blue phase liqud crystal.

Optionally, a scattering film 1s provided on a side of the
second substrate distal to the liqud crystal layer.

The present disclosure provides a display device, includ-
ing a backlight and the display panel described above.

Optionally, the backlight 1s an edge type backlight, and 1s
configured to provide collimated light.

Optionally, the display device further includes a light-

shielding layer on a side of the display panel distal to the
backlight.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic structural diagram of a display panel
in a first embodiment of the present disclosure;

FIG. 2 1s a schematic structural diagram of a display panel
in the first embodiment of the present disclosure;

FIG. 3 1s a schematic structural diagram illustrating a
liquad crystal layer, a gating unit and a waveguide layer 1n
a display panel forming a variable grating coupler according
to the first embodiment of the present disclosure;

FIG. 4 1s a schematic structural diagram of a display panel
in the first embodiment of the present disclosure;

FIG. 5§ 1s a schematic structural diagram of a display
device according to the first and second embodiments of the
present disclosure;

FIG. 6 1s a schematic diagram of a display panel in LO
mode according to the first embodiment of the present
disclosure:

FIG. 7 1s a schematic diagram of a display panel 1n L2355
mode according to the first embodiment of the present
disclosure;

FIG. 8 1s a schematic diagram of a planar waveguide of
a display panel according to the first embodiment of the
present disclosure;

FIG. 9 1s a schematic diagram showing propagation in a
planar waveguide according to the first embodiment of the
present disclosure;
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FIG. 10 1s a schematic diagram of a grating unit of the
display panel 1n the first embodiment of the present disclo-
sure; and

FIGS. 11 and 12 are schematic diagrams illustrating an
imaging distance of the display panel 1n the first embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

To enable those skilled 1n the art to better understand
technical solutions of the present disclosure, the present
disclosure will be described 1n detail below 1 conjunction
with the accompanying drawings and specific embodiments.

First Embodiment

Referring to FIGS. 1 and 2, this embodiment provides a
display panel including a first substrate 1 and a second
substrate 2 that are provided opposite to each other, a liquid
crystal layer 3, a first electrode 5 and a second electrode 6
that are provided between the first substrate 1 and the second
substrate 2, a waveguide layer 4 that 1s provided between the
first substrate 1 and the liquid crystal layer 3, and a plurality
of grating units 7 that are combined with the liquid crystal
layer 3 and are provided in the same layer as the liqud
crystal layer 3. The first electrode and the second electrode
are configured to adjust a refractive index of the liquid
crystal layer by changing voltages applied thereto; and a
coupling efliciency at which light 1s coupled out of the
waveguide layer 1s determined according to a difference
between a refractive index of the grating umts and the
refractive mdex of the liquid crystal layer.

In the embodiment, the first electrode 5 and the second
clectrode 6 configured to adjust the refractive index of the
liquid crystal layer 3 by changing voltages applied thereto
and one grating unit combined with the liqud crystal layer
are included 1n an area of each pixel unit. For each pixel unit
A, the refractive index of the liquid crystal layer 3 may be
adjusted according to a difference between voltages applied
to the first electrode 5 and the second electrode 6, and the
coupling efliciency at which the waveguide layer 4 couples
out light 1s determined according to the difference between
the refractive indices of the liquid crystal layer 3 and the
grating unit 7. Therefore, when the difference between the
voltages applied to the first electrode 5 and the second
clectrode 6 1s changed, a deflection angle of liquid crystals
in the liquid crystal layer 3 1s changed, and the liquid crystal
layer 3 thus has a changed eflective refractive index with
respect to incident light, resulting 1n a change 1n the differ-
ence between the refractive indices of the liquid crystal layer
3 and the grating unit 7, which in turn results 1n a change 1n
the coupling efliciency at which the waveguide layer 4
couples out light, that 1s, a displayed grayscale of the pixel
unit A changes, so that each pixel unit A achieves display of
different grayscales. At the same time, the grating unit 7 can
disperse light into different colors, and thus the display panel
in the present embedment can achieve color display without
a color filter.

As shown 1n FIG. 1, the grating umt 7 in the present
embodiment may be provided on a side of the liquid crystal
layer 3 proximal to the first substrate 1, that 1s, the grating
unit 7 1s closer to the waveguide layer 4 than the liquid
crystal layer 3, and 1n this case, the grating unit 7 can control
the coupling efliciency at which light 1s coupled out from the
waveguide layer 4. As shown 1n FIG. 2, the grating unit 7
may also be provided on a side of the liquid crystal layer 3
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proximal to the second substrate 2, that is, the liquid crystal
layer 3 1s closer to the waveguide layer 4 than the grating
unit 7.

Specifically, no matter which one of the above-mentioned
arrangements 1s adopted, as shown 1 FIG. 3, the liquid
crystal layer 3, the grating unit 7 and the waveguide layer 4
can form a varniable grating coupler, which can eflectively
couple light into or out of the waveguide layer 4. When
incident light or emergent light satisfies a phase matching
condition _=f,,—qK, (q=0, =1, £2, . . . ), the incident light
can excite m-th order guided mode or the m-th order guided
mode can be coupled out in a given direction, where [3_ 1s the
propagation constant of the incident light, 3 1s the propa-
gation constant of the m-th order guided mode, g 1s the
diffraction order, and K 1s a grating vector. Since ,=Kk,N__
and K=2m/A, the above phase matching condition can be
turther expressed as k,n_. sin 0. =k ,N_-qg2n/A, (g=0, =1, £2,
... ), where k, 1s 2m/A, n_ 1s the refractive index of the liquiad
crystal layer 3, 0. 1s an angle between a wave-vector direc-
tion of the incident light and a vertical direction, or an angle
between a wave-vector direction of the emergent light and
the vertical direction, N_ 1s an eflective refractive index of
the m-th order gmided mode, and A 1s the period of the
grating unit 7. It can be seen from the above phase matching
condition that the grating unit 7 can control coupling ethi-
ciency at which light 1s coupled out of the waveguide layer
4 by changing the refractive index n_ of the liquid crystal
layer 3, and the coupling efliciency 1s related to the difler-
ence between the refractive indices of the liquid crystal layer
3 and the grating unit 7.

The first electrode 5 and the second electrode 6 1n this
embodiment are located on one side or on different sides of
the liquid crystal layer 3. Optionally, the first electrode 3 1s
a pixel electrode and the second electrode 6 1s a common
clectrode.

Specifically, the first electrode 5 and the second electrode
6 are located on different sides of the liquid crystal layer 3.
The first electrode 5 1s located on a side of the liquid crystal
layer 3 proximal to the first substrate 1, and the second
clectrode 6 1s located on a side of the liquid crystal layer 3
proximal to the second substrate 2. In this case, the display
panel may be a twisted nematic (TN) type display panel, a
vertical alignment (VA) type display panel, or an electroni-
cally controlled biretfringence (ECB) display device.

Alternatively, the first electrode 5 and the second elec-
trode 6 are located on one side of the liquid crystal layer 3.
Both the first electrode 5 and the second electrode 6 are
located at one side of the liquid crystal layer 3 proximal to
the first substrate 1. In a case where the first electrode 35 and
the second electrode 6 are located in different layers, the
display panel may be an Advanced Super Dimension Switch
(ADS) display panel. In a case where the first electrode 5 and
the second electrode 6 are located 1n a single layer, the
display panel may be an In-Plane Switching (IPS) display
panel, which 1s not 1llustrated in detail herein. In practical
applications, the display panel may also be a display panel
of other type, which 1s not listed one by one herein.

A material of the liquid crystal layer 3 may be a nematic
liguid crystal, a cholesteric liquid crystal or a blue phase
liguad crystal. Preferably, TN type display panel, VA type
display panel and ADS display panel are generally use a
nematic liquid crystal. Preferably, the liquid crystal layer 3
has a thickness of 1 um. The thickness of the liquid crystal
layer 3 may be set flexibly as long as the liquid crystal layer
3 can cover the layer in which the grating units 7 are
provided and setting of other parameters (e.g., electrical
design, driving design, etc.) of a product 1s facilitated. The
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thickness of the liquid Crystal layer 3 only needs to cover the
thickness of the layer in which the grating units 7 are
provided, therefore, the thickness of the liquid crystal layer
3 may be set to be very small, that 1s, a liquid crystal cell
may be set to have a very small thickness, so as to further
improve response speed of the liquid crystal.

A material of the grating unit 7 1s a transparent dielectric
material, such as S10, or other organic resin. The refractive
index of the grating unit 7 1s 1n the range from the ordinary
refractive index n_, of the liquid crystal layer 3 to the
extraordinary refractive mndex n_ of the liquid crystal layer 3,
and preferably, the refractive index of the grating unit 7
equals n_. In practical applications, the period of one grating
unit 7 1s generally equal to a width of one pixel unit A.

The grating unit 7 1s an echelon grating (nanometer
grating). A color 1n each pixel unit A 1s achieved by utilizing
principles of interference and diffraction eflect of the ech-
clon grating, so that a diffraction optical device can realize
color separation of the Fresnel diffraction field, and by
choosing a proper grating height and phase distribution,
such that red, green and blue rays of light are spatially
separated eflectively. Referring to FIG. §, after light coupled
out of the waveguide layer 4 passes through the grating unat,
light having different wavelengths (e.g., red light, green
light, and blue light) 1s emitted towards a display surface at
different angles, so that effective color separation control 1s
provided without providing a color film substrate and color
display 1s achieved.

As shown 1n FIG. 4, the display panel further includes a
scattering {1lm 8 on a surface of the second substrate 2 distal
to the liquid crystal layer 3. The scattering film 8 functions
to scatter light having a small angle or a large angle that 1s
coupled out of the waveguide layer 4 under the control of the
grating umt 7, so as to improve the viewing angle of the
display panel.

As a specific implementation 1 the embodiment, as
shown 1n FIG. 1 or 5, 1n the display panel, the first electrode
5 1s located on a side of the waveguide layer 4 proximal to
the first substrate 1; the grating unit 7 1s located on a side of
the waveguide layer 4 distal to the first electrode 5; the liquid
crystal layer 3 1s located on a side of the grating unit 7 distal
to the waveguide layer 4; and the second electrode 6 1s
located on a side of the second substrate 2 proximal to the
liquad crystal layer 3.

Specifically, by adjusting the voltages applied to the first
electrode 5 and the second electrode 6, rotation of a refrac-
tive index ellipsoid of the liquid crystal layer 3 1n a cross
section (principal plane) as shown in FIG. 6 can be realized,
thereby realizing adjustment of the refractive index of the
liquad crystal layer 3 between n_ and n_. When the refractive
index of the liquid crystal layer 3 and the refractive mndex of
the grating umt 7 are equal, the function of the grating unit
7 1s disabled, and so no light 1s Coupled out of the waveguide
layer 4, and 1n this case, the display 1s in a constant black
mode (LO mode). As shown in FIG. 7, when the difference
between the refractive indices of the liquid crystal layer 3
and the grating unit 7 1s the largest, the grating unit 7 has the
most obvious ellect, the coupling efliciency at which light 1s
coupled out from the waveguide layer 4 1s the highest, and
in this case, the display i1s 1n a constant white mode (LL.255
mode). When the refractive index of the liquid crystal layer
3 1s between the values 1n the above two cases, the display
1s 1n a grayscale state other than the above two states. Since
only polarized light (e light) whose vibration direction is 1n
the cross section (principal plane) shown 1n FIG. 5 can be
influenced by the change in the refractive index, whereas
polarized light (o light) whose vibration direction 1s perpen-
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dicular to the principal plane cannot be influenced by the
change 1n the refractive index, the light coupled out of the
variable grating 1s polarized light (e light). For a typical
liquid crystal material, an alignment film (in general, PI)
needs to be provided on a lower surface (preferably, but not
limited to, the lower surface) of the second electrode 6 to
control mitial alignment of liquid crystal molecules and
ensure that the liquid crystal molecules can rotate as
expected under an applied voltage to set the display mode to
be either a constant black display mode or a constant white
display mode.

Those skilled 1n the art could know that, as shown 1n FIG.
8, a planar waveguide 1s formed of three material layers,
wherein the middle layer 1s a waveguide film having a
refractive index of n, and deposited on a substrate having a
refractive index of n,, and a covering layer having a refrac-
tive index of n, 1s on the waveguide film. The wavegude
film 1s typically has a micron-sized thickness, which 1is
comparable to the wavelength of light. A difference between
refractive indices of the waveguide film and the substrate 1s
generally between 107" and 107°. In order to form an
authentic optical waveguide, n, must be greater than n, and
n,, that 1s, n,>n,>=n,. In this way, light can be confined to
propagate 1n the waveguide film.

Theretfore, 1n this embodiment, the refractive index of the
waveguide layer 4 1s greater than the refractive index of the
first electrode 5, and the refractive index of the first electrode
5 1s greater than or equal to the refractive index of the grating
unit 7, so as to realize a planar waveguide.

As shown i FIG. 9, propagation of light in a planar
waveguide can be considered as total reflection of light at the
interface between the first electrode 5 and the waveguide
layer 4, so that the light propagates along a zigzag path 1n the
waveguide film. Light propagates 1n a zigzag pattern in the
/. direction 1n the waveguide, the light 1s confined 1n the x
direction but 1s not confined 1n the y direction.

In the planar waveguide, n,>n, and n,>n,, when an
incident angle 0, of incident light exceeds the critical angle

the imncident light 1s totally reflected, and at this time, a
certain phase jump 1s produced at the reflection point. From
Fresnel retlection formula:

nycost; — \/H% — n¥sin®f,

Rrg =

nycost; + \/H% — n¥sin®f,

n%cms@l — 114 \/n% — H%Sinzﬁl

Ry =

nicosd) + ny \/n% — n}sin®0,

we can derive the phase jumps ¢, ¢, at the retlection
points are:

\/,32 — kg3 _
g

tang g =

0*“’-‘51
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-continued
2
H’l\/ p* — kin3 _
B\ Knt — 7

tangmy =

where p=k,n,; sin 01, 3 1s a propagation constant of light,
k =2m/A, k, 1s a wave number of light 1n vacuum, and A 1s
the wavelength of light.

In order for light to propagate stably 1n a waveguide, the
tollowing equation needs to be satisfied:

2;{}2—2(1)12—2(1)13:2??13'5,;’?1:0,1,2,3 " s o ;

where: k=k,n, cos 0, ¢, and ¢, are phase differences of
total reflection, h 1s a thickness of the waveguide, m 1s a
mode order, that 1s, a positive integer starting from zero.
Therefore, only light having an incident angle satisiying the
above equation can stably propagate 1in the optical wave-
guide.

Specifically, in the embodiment, the number of the steps
of a preferred echelon grating 1s 3 to 100; preferably, the
number of steps 1s 3, that 1s, a three-order grating. As shown
in FIG. 10, the third-order grating 1s configured to disperse
light into light of three different colors, namely, red light,
green light and blue light. The echelon grating has a width
d (period) of 0.1 um to 300 um (the width of each step 1s
d/3); each step 1n the echelon grating has a height (h,, h,, h;)
of 0 um to 300 um; and the echelon grating has an 1maging
distance of 2 um to 20 um. It should be noted that a thickness
of the liquid crystal layer 3 needs to be greater than a height
of the grating unit 7, and the imaging distance Z of the
grating 1s generally greater than the thickness of the liqud
crystal layer 3.

7. 1s the 1maging distance, and according to a formula:

It can be known that the imaging distance 7, of the
echelon grating 1s dependent on a wavelength A of incident
light, a difference in refractive index (a fixed value), and a
grating period a. Referring to FIG. 11, imaging distances
corresponding to red light R, green light G and blue light B
are Z,, 7., and Z,, respectively. In this case, the difference in
refractive index among the steps of the grating unit 7 may be
adjusted such that all of the imaging distances 7Z,, Z_ and Z,
of red light R, green light G and blue light B are equal to Z,,
as shown in FIG. 12.

Transmittance of light of each color may be obtained
according to the following formula:

Xo + d/?) ] :
Tr = lrec{ 173 ]:f: expl(idl) + rect(3,0 [ d)explig) +

o =2piln—1)H; /A,
i=1,2.3

It can be known from the formula that, T, 1s the trans-
mittance of light and dependent on the wavelength A of
incident light, the grating period d, the height of the grating
and the number of steps of the grating. Therefore, once the
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grating period d 1s fixed, the transmittance of each pixel can
be controlled based on the number of steps and height of the
grating.

Second Embodiment

As shown 1n FIG. 5, the present embodiment provides a
display device, which includes a backlight 9 and a display
panel 1n the first embodiment.

In this embodiment, the backlight 9 1s an edge type
backlight 9 for providing collimated (parallel) light. In
practical applications, a backlight 9 1n other form may also
be used. For example, the backlight 9 may be a direct type
backlight 9, which 1s not specifically illustrated.

The backlight 9 may include an LED light source or a
light source of other form. A LED chip may include a blue
LED or LED of other light having a shorter wavelength than
blue light, and a light source 1n other form may be a laser
light source. Optionally, in a case where the backlight 9 1s a
laser light source, a beam expanding structure may be
turther provided on a light exiting side of the backlight 9
(1.e., between the backlight 9 and the display panel), and the
expanding structure can not only expand laser light, as a
laser point light source, emitted by the laser light source to
a collimated light source, but also increase a diameter of

light beam.

The backlight 9 1s provided at least correspondingly to the
waveguide layer 4, and a light exiting direction of light from
the backlight 9 1s parallel to a plane where the waveguide
layer 4 1s located. As shown 1n FIG. 4, the backlight 9 1s
provided correspondingly to the first substrate 1, the wave-
guide layer 4 and the first electrode 5, and a width of the
backlight 8 may be the sum of widths of the first substrate
1, the waveguide layer 4 and the first electrode 5. In practical
applications, the backlight 9 may be set to have other width,
but 1t 1s preferable that the backlight 9 does not emit light
towards the liquid crystal layer 3 and layers above the liquad
crystal layer. Since a sealant 1s provided on outer side of the
liquiad crystal layer 3, light emitted towards the liquid crystal
layer 3 will not enter 1nto the liquid crystal layer 3. Needless
to say, the arrangement of the backlight 9 1s not limited to
the above arrangements, and the backlight 9 can be arranged
in any manner as long as 1t can be ensured that light (incident
light) emitted by the backlight 9 1s totally reflected within
the waveguide layer 4.

Optionally, light emitted from the backlight 9 1s colli-
mated light. In particular, when the backlight 9 1s a laser
light source, light emitted from the backlight 9 becomes
collimated light because of the expanding structure.

Preferably, the display device further includes a light-
shielding layer 10 on a side of the display panel away from
the backlight 9, and the light-shielding layer 10 1s configured
to absorb light remaining 1n the waveguide layer 4 after the
light emitted from the backlight 9 1s coupled out of the
waveguide layer 4 by the grating unit 7, so as to prevent light
leak of the display device.

In this embodiment, the display device may be an ECB
display device, a TN display device, a VA display device, an
IPS display device, or an ADS display device.

It could be understood that the above embodiments are
merely exemplary embodiments adopted for describing the
principle of the present invention, but the present invention
1s not limited thereto. Various variations and improvements
may be made by those of ordinary skill in the art without
departing from the spirit and essence of the present mven-




US 10,444,558 B2

9

tion, and these variations and improvements shall also be
regarded as falling into the protection scope of the present
invention.

The 1nvention claimed 1s:

1. A display panel, comprising: a first substrate and a
second substrate disposed opposite to each other; a liquad
crystal layer, a first electrode, and a second electrode
between the first substrate and the second substrate; a
waveguide layer between the first substrate and the liquid
crystal layer; and a plurality of grating units, which are
combined with the liquid crystal layer and disposed 1n a
same layer as the liquid crystal layer,

wherein the first electrode and the second electrode are

configured to adjust a refractive index of the liquid

crystal layer by changing voltages applied thereto; and
a coupling efliciency at which light 1s coupled out of the
waveguide layer 1s determined according to a difference
between a refractive index of the grating umts and the
refractive index of the liquid crystal layer,

wherein the grating unit 1s an echelon grating, steps in the

echelon grating have diflerent heights from each other,
and the grating unit 1s configured to perform color
separation on light of different wavelengths through a
stepped structure of the echelon grating.

2. The display panel of claim 1, wherein the grating unit
1s on a side of the liqud crystal layer proximal to the first
substrate.

3. The display panel of claim 1, wherein the grating unit
1s on a side of the liquid crystal layer proximal to the second
substrate.

4. The display panel of claim 1, wherein the first electrode
and the second electrode are on one side of the liquid crystal
layer.

5. The display panel of claim 1, wherein the first electrode
and the second electrode are on different sides of the liqud
crystal layer.

6. The display panel of claim 1, wherein the first electrode
1s on a side of the waveguide layer proximal to the first
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substrate; the grating unit 1s on a side of the wavegude layer
distal to the first electrode; the liquid crystal layer 1s on a side
of the grating umt distal to the waveguide layer; and the
second electrode 1s on a side of the second substrate proxi-
mal to the liqud crystal layer.

7. The display panel of claim 6, wherein a refractive index
of the waveguide layer 1s larger than a refractive index of the
first electrode, and the refractive index of the first electrode
1s larger than or equal to the refractive index of the grating
unit.

8. The display panel of claim 1, wherein the refractive
index of the grating unit ranges from an ordinary refractive
index n_ of the liquid crystal layer to an extraordinary
refractive index n, of the liquid crystal layer.

9. The display panel of claim 1, wherein the echelon
grating has 3 to 100 steps; the echelon grating has a width
of 0.1 um to 200 um; each step of the echelon grating has a
height of 0 um to 300 um; and the echelon grating has an
imaging distance of 2 um to 20 um.

10. The display panel of claim 9, wherein the echelon
grating has 3 steps, and the echelon grating 1s configured to
disperse light into red light, green light and red light.

11. The display panel of claim 1, wherein a matenal of the
liquid crystal layer comprises any one of a nematic liquid
crystal, a cholesteric liquid crystal and a blue phase liquid
crystal.

12. The display panel of claim 1, further comprising a
scattering film on a side of the second substrate distal to the
liquad crystal layer.

13. A display device, comprising a backlight and the
display panel of claim 1.

14. The display device of claim 13, wherein the backlight
1s an edge type backlight, and 1s configured to provide
collimated light.

15. The display device of claim 14, further comprising a

light-shielding layer on a side of the display panel distal to
the backlight.
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